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Abstract
OBJECTIVES—To use static and dynamic magnetic resonance imaging (MRI) to compare
dimensions of the bony pelvis and soft tissue structures in a sample of African-American and white
women.
METHODS—This study used data from 234 participants in the Childbirth and Pelvic Symptoms
Imaging Study, a cohort study of 104 primiparous women with an obstetric anal sphincter tear, 94
who delivered vaginally without a recognized anal sphincter tear and 36 who underwent by cesarean
delivery without labor. Race was self-reported. At 6–12 months postpartum, rapid acquisition T2-
weighted pelvic MRIs were obtained. Bony and soft tissue dimensions were measured and compared
between white and African-American participants using analysis of variance, while controlling for
delivery type and age.
RESULTS—The pelvic inlet was wider among 178 white women than 56 African-American women
(10.7±0.7 cm compared with 10.0.±0.7 cm, P<.001). The outlet was also wider (mean intertuberous
diameter 12.3±1.0 cm compared with 11.8±0.9 cm, P<.001). There were no significant differences
between racial groups in interspinous diameter, angle of the subpubic arch, anteroposterior conjugate,
levator thickness, or levator hiatus. In addition, among women who delivered vaginally without a
sphincter tear, African-American women had more pelvic floor mobility than white women. This
difference was not observed among women who had sustained an obstetric sphincter tear.
CONCLUSION—White women have a wider pelvic inlet, wider outlet, and shallower
anteroposterior outlet than African-American women. In addition, after vaginal delivery, white
women demonstrate less pelvic floor mobility. These differences may contribute to observed racial
differences in obstetric outcomes and to the development of pelvic floor disorders.
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Magnetic resonance imaging (MRI) has been in use in the characterization of the female pelvis
since the mid 1980s.1 Advantages of MRI include multiplanar images as well as dynamic
visualization of the soft tissues of the female pelvic floor. As a result, MRI has become an
important adjunct to physical examination and fluoroscopy for the evaluation of pelvic
anatomy.2
Before MRI, conventional radiography suggested that the architecture of the bony pelvis differs
between white and African-American women. More recently, differences in the dimensions of
the posterior pelvis3 have been observed with MRI. The potential clinical implications of racial
differences in anatomy include a possible association with variations in obstetric outcomes4–
6 and in the incidence of pelvic floor disorders.7–11 In fact, stress urinary incontinence and
pelvic organ prolapse appear to be less common among African-American than white women.
7,9–11 These observations have led us to hypothesize that racial differences in pelvic anatomy
might be responsible for observed differences in racial patterns of pelvic floor disorders.
The objective of this study was to compare MRI dimensions of the bony pelvis in African-
American and white women. In addition, the study evaluated MRI measurements based upon
soft tissues within the pelvis, including static images at rest and dynamic measurements at rest
and during Valsalva. Our goal is to confirm earlier data12 suggesting racial differences in
pelvic anatomy between African-American and white women.
MATERIALS AND METHODS
The Childbirth and Pelvic Symptoms study (CAPS)13 was performed by the Pelvic Floor
Disorders Network, a multicenter network supported by the National Institute of Child Health
and Human Development. The CAPS study was a prospective cohort study of primiparous
women designed to study the relationship between vaginal delivery with a sphincter laceration
and subsequent incontinence. Women in this study were recruited from the 921 participants in
CAPS. Methods of the CAPS study have been reported in detail13 and are briefly summarized
here. Enrollment into this study was conducted from September 2003 to February 2005. Three
cohorts of primiparous women were recruited while the women were hospitalized after a
singleton delivery. The primary cohort of interest consisted of women with an anal sphincter
tear (n=104). Two comparison groups were recruited: women who delivered vaginally without
a clinically recognized anal sphincter tear (n=94) and women who underwent cesarean delivery
without labor (n=36). We attempted to include all women who delivered with a sphincter
laceration. For each woman with an anal sphincter tear recruited for this study, we recruited
the next consecutive woman who delivered vaginally without a clinically recognized sphincter
tear. We attempted to include all women who delivered by cesarean without labor.
At the time of (or shortly after) their 6-month telephone interviews for the CAPS study, CAPS
participants were approached to join the CAPS Imaging Study,14 which correlated
standardized imaging (MRI and endoanal ultrasonography), physical examination findings,
and symptom assessment. The MRIs obtained for the CAPS Imaging Study provided the data
for this secondary analysis.
This research protocol was approved at the institutional review boards at all clinical sites and
the central data coordinating center. All women provided informed consent for participation.
Data for this investigation were obtained 6–12 months after delivery. Weight and height were
measured, and body mass index was calculated for each subject. Race was self-reported.
Subjects were allowed to report more than one race but were asked to select a primary racial
category if more than one race was indicated.
The MRI protocol was standardized at a 1-day training session, led by the expert consulting
radiologist at the central site before study initiation. After centralized training, images were
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acquired using a 1.5T magnet with the patient in a supine position and a surface array coil
wrapped around the pelvis. Ultrasound gel (60 mL) was placed in the rectum. After localizer
images, we obtained sagittal ultra-fast T2-weighted images (rest and strain), and transverse
and coronal T2-weighted images (rest). For straining images, participants were coached to
strain without elevating the lumbosacral spine or thighs. Each dynamic image required 2
seconds for acquisition.
On sagittal images, the pubococcygeal line was used to represent the normal location of the
pelvic floor. Rest and maximal strain midsagittal images were obtained to evaluate the descent
of the bladder neck and anorectal junction, anteroposterior length of the hiatus, and angle of
the levator plate with the pubococcygeal line. The angle of the posterior rectal wall relative to
the pubococcygeal line was measured at rest and during Valsalva. The H line, the distance from
the inferior posterior aspect of the symphysis to the posterior rectal wall, was calculated. This
represents the anteroposterior width of the genital hiatus. The distance from the posterior end
of the H line, measured perpendicular to the pubococcygeal line, represented the M line. On
the midsagittal image, we also obtained the following bony measures15: sacral length and
depth, the obstetric conjugate (from the sacral promontory to the superior symphysis), and the
anteroposterior outlet (from the last vertical joint of the coccyx to the inferior symphysis) (Fig.
1).
Axial measurements of levator muscle thickness were obtained at the level of the constrictor
urethrae muscle. The width of the genital hiatus was obtained at the cranial-most image that
included the symphysis. Bony measurements obtained on axial images included the angle of
the pubic arch (in degrees, with the symphysis as the apex), the intertuberous diameter
(measured from the posterior and medial cortex of the ischial tuberosities), and the interspinous
diameter (measured from the posterior ischial spines).
Using the coronal image that included the femoral heads and fovea, we measured the transverse
inlet (from the inner aspect of the ischial cortex at the level of the fovea on each side). The
transverse diameter of the pelvic inlet was measured at the level of the fovea. On oblique
coronal images obtained in the plane of the sacrum, the maximum transverse inlet diameter
was measured again.
Standardized images were obtained at six clinical sites. Images were reviewed by the site
radiologist and a central radiologist. Image interpretation was standardized through a full day
of in-person training for research radiologists. The radiology investigators were masked to the
subjects’ obstetric characteristics and race. Our prior research (personal communication: Mark
E. Lockhart, Julia R. Fielding, Holly E. Richter, Linda Brubaker, Caryl G. Salomon, Wen Ye,
et al. Reproducibility of Dynamic MRI pelvic measures: a multi-site study. Submitted to
Radiology, 2007) suggested high variability among readers of pelvic MRI measurements,
particularly with respect to soft-tissue parameters. As a result, this research used the measures
obtained by the central reader in all cases.
The mean and standard deviations for each dimension were calculated for African-American
and white women. There were too few women of other races for meaningful comparisons. The
initial analysis compared the two racial groups, adjusting only for cohort. Since the African-
American participants were younger than the white participants (5% and 95% percentiles were
16.6–32.7 years of age for African-American women and 19.9–38.8 years of age for white
women, P<.001), we then examined the potential confounding effect of age by adding it as a
covariate to each analysis. When adjustment for age significantly changed the result or age
was significant (in either the African-American or white population), we performed a second
analysis restricted to the subpopulation of women under the age of 30, adjusting for cohort;
the limit of age 30 was chosen because there were too few African-Americans above the limit
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to provide a reliable estimate of the age effect. Otherwise, we report results from the initial
analyses. For all measures, the interaction effect between cohort and race was also examined
using only subjects under the age of 30 in the two larger cohorts; there were insufficient
observations in the cesarean delivery cohort for inclusion in this analysis.
Normal support was defined as the bladder neck above the pubococcygeal line with strain. In
cases of normal support, descent of the bladder neck was not quantified. If the bladder neck
descended below the pubococcygeal line, the descent was measured in centimeters. A similar
strategy was used for the angle of levator plate with rest and with straining. Again, descent was
measured only if the levator plate was below the pubococcygeal line. When the angle of the
levator plate extended below the pubococcygeal line, the angle was measured in degrees. To
compare these measures between African-American and white women, we first used the ϰ2
test to compare the proportions of women with abnormal descent across races. When no
significant difference was detected, analysis of variance was used to test for a difference in the
severity of descentbetween races (eg, among women with abnormal support). In all analyses,
we adjusted for cohort effect. We did not adjust for height, body mass index, or site because
they had no effect on the inferences.
RESULTS
Two hundred forty-six women were enrolled in the CAPS Imaging Study, including 56 (22.8%)
African-American and 178 (72.3%) white women. Ten (4.1%) women reported other races,
and two (0.8%) were of unknown race. These 12 women were excluded because there were
too few for meaningful comparisons. Two subjects reported more than one race and were
classified according to the “primary” race indicated by the participant. The demographic and
obstetric characteristics of the two groups are shown in Table 1.
Magnetic resonance imaging pelvimetry measures are shown in Table 2. Among white women,
the pelvic outlet was significantly wider (mean intertuberous diameter 12.3±1.0 cm compared
with 11.8±0.9 cm, P<.001), and the pelvic inlet was also significantly wider (10.7±0.7 cm
compared with 10.0.±0.7 cm, P<.001) than for African-American women. The length of the
sacrum was longer for white women (12.1±1.3 cm compared with 10.7±1.5 cm, P<.001). The
two groups did not differ with respect to the angle of the subpubic arch, the anteroposterior
conjugate or the depth of sacral hollow. With respect to the interspinous diameter and the
anteroposterior outlet, differences between race varied by delivery cohort (P values for
interaction=.004 and .016, respectively). Among women who delivered vaginally without a
sphincter tear, the anteroposterior outlet was significantly shallower among white women than
African-American women (mean anteroposterior outlet 11.0±1.1 cm compared with 12.2±1.2
cm, P<.001). Although the relationship between race and interspinous diameter varied
significantly by cohort, there were no significant racial differences in interspinous diameter in
either cohort.
Magnetic resonance imaging soft tissue results for African-American and white women are
shown in Table 3. The levator hiatus width was similar between African-American and white
women. The left levator sling was narrower among white women (P<.001), but there was no
difference between racial groups in the right sling (P=.61). For five soft-tissue measures (Table
3), the differences between race varied by delivery cohort. Among women who delivered
vaginally without a sphincter tear, the H line with straining was shorter among white than
African-American women (4.8±1.9 cm compared with 5.9±1.2 cm, P<.001), and the H line
difference was similarly smaller among white women (0.7±0.9 cm compared with 1.4±1.1 cm,
P=.012). Also, in the vaginal delivery cohort, the M line with straining was shorter among
white women (2.2±1.1 cm compared with 3.2±1.5 cm, P=.008), and the M line difference was
also smaller among white women (0.9±1.0 cm compared with 1.9±1.4 cm, P=.003). No
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significant differences in these measures were observed between races in the cohort of women
with an anal sphincter tear.
Magnetic resonance imaging assessment of bladder neck support (Table 4) was similar between
racial groups. Also, there was no racial difference in the angle of the levator plate. For those
with abnormal descent, the mean descent was not significantly different between white and
African-American women.
DISCUSSION
We identified significant racial differences in bony pelvic parameters between African-
American and white women. Our results confirm and extend findings from the 1940s and
1950s, when conventional radiographic pelvimetry suggested racial differences in pelvic type.
We found that African-American women have narrower transverse diameters of the bony pelvis
than white women (pelvic inlet and intertuberous distance). Also, among women delivering
vaginally without a sphincter tear, African-American women had a deeper pelvic
anteroposterior diameter (outlet). Radiographic pelvimetry data previously described these
characteristics as the anthropoid pelvic type and suggested that this pelvic type was seen in
44.5% of African-American women but only 27.6% of white women.12,16 We did not use the
previously described categories to classify pelvic type in our research because those categories
are founded on qualitative comparisons rather than quantitative measures.
The conventional teaching regarding the anthropoid pelvis is that it is characterized by a long
sacrum of “average curvature.”17 However, we unexpectedly found that African-American
women had a significantly shorter sacrum than the white subjects. Baragi et al3 analyzed bony
pelvic measurements from a collection of anthropological specimens in which the specimen
collectors assigned race. Their findings demonstrated a smaller posterior and total pelvic area
in the African-American as compared to white women. This finding has clinical implications
for obstetric practice. It is possible that this difference in sacral shape could impact the course
of labor for white compared with African-American women. Historically, the anthropoid pelvis
has been associated with an increase in “serious arrest” of labor.17 This association should be
reassessed in the light of current MRI data.
Although the bony pelvis is one of the factors that influence the course of labor, pelvimetry
does not play a major role in modern obstetrics.18 Since the mid-1900s clinicians have sought
a reliable and clinically useful assessment of the maternal pelvis. The use of X-ray pelvimetry
declined substantially as clinicians recognized the limited clinical utility of this investigation.
19–21 Other imaging modalities have been explored, including computed tomographic
pelvimetry for the management of breech pregnancy.22 Magnetic resonance imaging
pelvimetry was described in the mid-1980s,1 but still does not have a clear clinical role in
obstetrics. Zaretsky et al18 described a clinical series of 107 women who underwent
predelivery MRI and suggested that MRI data were more clearly associated with labor dystocia
than other imaging modalities.
Magnetic resonance imaging is a valuable tool in the investigation of pelvic anatomy and has
been used to define soft tissue structures, especially in women with pelvic floor disorders. In
this cohort of new mothers, we did not detect consistent differences in the levator muscle width,
although the left levator was slightly wider in African-American women. However. the
observed difference was small and not clinically meaningful (approximately, 1 mm).
In the vaginal delivery cohort, H line lengthened more with straining among African-American
women than white women, suggesting a greater widening of the levator hiatus among African-
American women. Similarly, the M line lengthened more with straining in African-American
women, suggesting greater levator descent. Given that the majority of vaginal deliveries occur
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without a recognized anal sphincter tear, the vaginal delivery cohort is most generalizable to
a typical obstetric population. Therefore, our results suggest significant racial differences in
pelvic floor laxity after vaginal birth, with greater laxity in African-American women. It is
unclear whether this difference might impact the later development of pelvic organ prolapse.
Greater lengthening of the H line and M line in African-American women could reflect
increased tissue elasticity. Investigators have previously reported that African-American
primiparas were less likely to deliver with second-degree or greater lacerations and more likely
to deliver with their perineum intact.23,24 This might be due to inherent differences in
connective tissue composition. Investigators using a mouse model have shown that a failure
to maintain elastin fiber homeostasis caused significant pelvic floor disorders and proposed
this as a potential mechanism in human females as well.25 However, we are unaware of any
characterization of racial differences in the elastin content of the pelvic connective tissue. We
suggest this as an area of further investigation. Another possibility is that the increased H Line
and M Line in African-American women are a soft tissue consequence of the bony pelvis
differences by race, namely a longer anteroposterior diameter of the outlet in African-American
women.
Our analysis has several limitations. First, our population was recruited specifically to compare
the incidence of postpartum fecal incontinence between women with an anal sphincter
laceration and two comparison groups and, therefore, is not representative of a general obstetric
population. Second, our findings are limited to racial comparisons between the two major races
in the United States, black and white. In addition, we treated race as a categorical variable, but
we recognize that race cannot be accurately classified into simple categories. This may obscure
some racial differences. Finally, some of the observed differences were statistically significant
but small in absolute magnitude. For example, the mean difference between the length of the
sacrum in African-American and white women was 0.4 cm.
Despite these limitations, these data describe MRI bony and soft tissue anatomy using a
standardized image acquisition technique in a relatively large group of women. These
participants, from different geographic regions of the United States, were not selected by race
or traditional categories of pelvic type. This greatly increases the generalizability of our
findings and provides a sound base for further evaluation of racial differences in the female
pelvis.
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Representative T2-weighted midsagittal magnetic resonance images are shown, both at rest
(A) and with maximal strain (B). The pubococcygeal line (PCL), connecting the inferior border
of the symphysis and the last vertical joint of the coccyx, represents the location of the normal
pelvic floor. The H line is the distance from the inferior symphysis to the posterior rectal wall,
at the level of the anorectal junction. The M line is the distance perpendicular from the
pubococcygeal line to the same point on the posterior rectal wall.
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